and plasmid profile to determine which parameters provide the most compelling data for their identity. None of the parameters alone provided this type of information. The most conclusive data for the identity of strains resulted when two cultures had the same long phage type and identical or similar plasmid profiles. The presence of a large, slowly migrating plasmid band(s) in a culture that agreed with its pair in all other parameters and, in all likelihood, was the same strain casts doubt in some instances on the reliability of the plasmid profile alone for strain identification in an epidemiologic study.
Recent reports of Staphylococcus epidermidis as a significant nosocomial pathogen have stimulated interest in the use of epidemiologic markers to identify strains of this organism. Antibiograms, biotyping with the commercially available kit systems, phage typing, and plasmid profiles all have been used with some success (12) . No reports, to our knowledge, have evaluated critically the simultaneous use of all of these parameters on the same isolates of S. epidermidis. In a recent study of blepharoconjunctivitis due to S. epidermidis (D. L. Hoover, J. A. Khan, R. E. Ellis, and J. T. Parisi, manuscript in preparation), we obtained cultures from the eyes or noses of patients. In this report, we describe the use of all of the known typing methods to determine which parameters provide the most significant data for the identity of strains from different sites on the same patient.
MATERIALS AND METHODS
Isolation of S. epidermidis. Patients with clinically significant signs and symptoms of staphylococcal blepharoconjunctivitis and individuals with no evidence of external ocular disease were cultured for the presence of staphylococci. All patients treated with antibiotics within 2 weeks of the clinical examination were excluded from the study. Sterile cottontipped applicators were passed along the superior lash line for lid cultures, the inferior conjunctival cul-de-sac for conjunctival cultures, and the anterior nares for nasal cultures. These specimens were refrigerated (4 to 6°C) immediately for several hours until transported to the laboratory.
Each eye swab was then streaked on a Trypticase soy agar (BBL Microbiology Systems, Inc., Cockeysville, Md.) plate containing 5% sheep blood. Nasal swabs were streaked on a mannitol salt agar (BBL) plate. The cotton swabs were then refrigerated until it was determined they were no longer needed. AU plates were incubated at 35°C for 24 to 48 h. Blood agar plates were examined for the presence of white, nonhemolytic colonies. If such colonies were not well isolated due to being mixed with other types of colonies, the original cotton swab was restreaked on a mannitol salt agar * Corresponding author. plate and incubated as described above. Mannitol salt agar detects acid production from mannitol and is selective for all micrococci and staphylococci. All colonies producing acid from mannitol were considered to be Staphylococcus aureus and were discarded. All colonies unable to produce acid from mannitol and producing a white pigment were considered either coagulase-negative staphylococci or micrococci. The relative number and morphology of each type of colony on blood agar or mannitol salt agar were recorded. From each eye or nasal culture, representative colonies from each morphologically distinct type, up to but not more than six or up to three random colonies if all appeared identical, were picked and streaked radially on a plate containing Trypticase soy agar supplemented with 0.3% yeast extract (YETS agar; Difco Laboratories, Detroit, Mich.) and containing 7% NaCI. After incubation for 18 to 24 h at 35°C, the plates were stored at 4 to 6°C and served as sources of stock cultures. Although this isolation procedure results in the collection of a considerable number of cultures, it was deemed necessary because of the isolation of several distinct strains of S. epidermidis from swab cultures of a single site (6, 7) .
Identification of S. epidermidis. Preliminary identification of the cultures was according to the method reported recently (14) . Up to six colonies from a single site could be easily screened and identified as S. epidermidis. Representative colonies of each morphologic type from each eye or nasal culture were inoculated onto purple agar (Difco) containing 1% glycerol and 0.4 ,ug of erythromycin per ml of medium (PGE agar). Incubation was at 35°C for 48 h, and colonies were scored for the production of acid from glycerol. Micrococci are either inhibited by erythromycin or unable to produce acid from glycerol (19 Phage typing and biotyping. Phage typing of cultures was performed with the 17 phages described previously (16) . Of the 17 phages, 11 were isolated in our laboratory and have been used in numerous studies (9, 12, 17) . Six of the phages have been isolated by others (4, 18) but have been included in our typing set (8, 15, 16 Fig. 1, 2, and 3 , respectively. The plasmid profiles of the DNAs from the cultures from patient 1 (Fig. 1, lanes la and lb) are different, as might be expected from their differences in susceptibility to penicillin and in phage type. In interpreting the results of phage typing, the rule of "two strong differences" (two cultures from a common outbreak or source are different when one is lysed strongly by two or more phages that produce no lysis on the other culture) was applied. Also, only strong (+ + or greater) reactions were recorded, unless a weak (less than + +) reaction occurred with a phage in one culture of a pair while a strong reaction occurred with the same phage in the other culture of the pair. From patient 2, the plasmid profiles of the DNAs from the cultures (Fig. 1, lanes 2a and 2b) identical, except for the two plasmid bands above the chromosome band in lane 2a (Fig. 1) . The susceptibility of both cultures to all 17 phages supports their identity, as does their similar Staph-Ident profile number. These parameters are significant in support of their identity despite their differences in susceptibility to penicillin and tetracycline. Based on their different antimicrobial phenotypes alone and their isolation from different sites, it would most likely be concluded that these two cultures are different strains. Although cultures 3a and 3b from patient 3 have identical phage types and Staph-Ident profile numbers, their plasmid profiles are different (Fig. 1, lanes 3a and 3b) , a fact which supports their nonidentity and is in agreement with their difference in susceptibility to penicillin and their isolation from different sites. From patient 4, even though cultures 4a and 4b came from different sites in the same eye, the differences in their susceptibilities to four antimicrobial agents and in their plasmid profiles (Fig. 1, lanes 4a and 4b) indicate that they are different strains; however, their phage types are identical, and their Staph-Ident profile numbers are the same. On the other hand, based on their identical antimicrobial phenotypes and similar Staph-Ident profile numbers, cultures Sa and Sb from patient 5 would probably be considered identical, yet their different phage types and plasmid profiles (Fig. 2, lanes Sa and 5b) , indicate their nonidentity. The nose could serve as the source of the eye culture (Sa), except that for this particular culture, the phage typing data and plasmid profiles argue against such a possibility. In patient 6, apparently the nose is the source of the eye culture (6a), as observed with the identical phage types, similar Staph-Ident profile numbers, and almost identical plasmid profiles of the cultures (Fig. 2, lanes 6a and 6b) . Again, the presence of a single band above the chromosome band in the profile in lane 6a is difficult to reconcile, as are the two bands above the chromosome band in lane 2a (Fig.  1) in otherwise identical plasmid profiles of the two cultures within a pair. Although these two cultures (6a and 6b) differ in their susceptibilities to gentamicin and kanamycin, loss of the ability to produce a single aminoglycoside-modifying enzyme encoded by a single resistance plasmid lost spontaneously could account for their differences in susceptibilities to these two aminoglycoside antibiotics (11) . However, in several attempts to cure culture 6a of its resistance to gentamicin or kanamycin, we have been unsuccessful. Cultures 7a and 7b from patient 7, although having the same Staph-Ident profile number, differ in three antimicrobial susceptibilities and in two strong phage reactions. Their nonidentity is confirmed by their different plasmid profiles (Fig. 2, lanes 7a and 7b) . From patient 8, cultures 8a and 8b are identical in their antimicrobial phenotypes, have the same Staph-Ident profile numbers, and could easily be regarded as the same strain, culture 8a having originated from the nose. However, their different phage types and plasmid profiles (Fig. 2, lanes 8a and 8b) indicate that they are different strains. From 6 of the 12 patients in this study, cultures were isolated from the nose that were identical in all parameters to cultures from the eye (data not shown). This finding supports the conclusion that the nose may serve as a source of eye cultures.
All of the pairs of cultures from the control patients are identical to each other in all of the parameters shown (Table  1 ). This result is confirmed by the plasmid profiles of the DNAs from all of the cultures except cultures 10a and 10b from patient 10 (Fig. 3, lanes 10a and 10b) and possibly cultures 12a and 12b from patient 12 (Fig. 3, lanes 12a and  12b) . Clearly, the profiles in lanes 10a and 10b are different.
Thus, despite having the same Staph-Ident profile numbers and identical antimicrobial phenotypes and being lysed by the same four phages, their different plasmid profiles indicate that cultures 10a and 10b from different eyes of the same patient may not be the same strain. There is a plasmid band above the chromosome band in lane 12b (Fig. 3) , but the susceptibilities of cultures 12a and 12b to the same eight phages, their identical antimicrobial phenotypes, and their identical Staph-Ident profile numbers support their identity.
In the assessment ofthe parameters that have been used to detect strains of S. epidermidis, it is difficult to conclude from the results observed here which parameter(s) provides the most convincing data for the identification of strains. With the Staph-Ident kits in this study and in other studies from our laboratory (14; Hoover et al., in preparation), the 3040 profile number accounted for from 75 to 84% of our cultures. As has been observed by others (12) , this system is not intended for the identification of specific strains. Interestingly, even when two cultures (lOa and 10b; Table 1 ) with a not-so-common profile number (3140) were isolated from a patient and the cultures had the same phage type (112/202/Ph9/U14) and identical antimicrobial phenotypes, the plasmid profiles (Fig. 3, lanes 10a and 10b) of the cultures were different. Because ofthe spontaneous loss ofresistance plasmids (10, 15) and the disparity between the original antimicrobial susceptibility report and the redetermination (5), total reliance upon the antibiogram for strain identification would also seem to be unsuitable. In the study (Hoover et al., in preparation) which describes the clinical significance of these cultures, the percentage (91%) of phage typability was higher than in any previous study (17) in which we have used our typing phages. We have no explanation to account for this, but this result enabled us to critically evaluate phage typing along with the other parameters reported here. From the results indicating identity between pairs of cultures for test patient 2 and control patients 9, 11, and 12, it seems that the longer the phage types of the cultures, the more likely their plasmid profiles are to be identical (Fig. 1, lanes 2a and 2b; Fig. 3, lanes 9a and 9b, lla and llb, and 12a and 12b). It should be noted that the phages (29, 68, 95, 108, 112, 113, 113A, 127, 171A, 188, and 207) that were originally isolated in our laboratory are more likely to lyse S. epidermidis than are other species of coagulase-negative staphylococci (9), while those phages in our typing set that were originally isolated by other workers (202, 407-1, and 407-2 [4] and Ph9, PhlO, and U14 [18] ) have a much wider spectrum of activity (unpublished data). This activity accounts for the relatively frequent occurrence of lytic reactions by these latter phages in this study.
The use of the plasmid profile to determine whether two cultures are identical is not without its shortcomings. The tendency of strains to lose antibiotic resistance plasmids (10, 15) and cryptic plasmids (2, 13) , variations in the plasmid extraction methods which may convert one molecular form of the plasmid to another (1), or the conditions of electrophoresis (1) all can influence the final profile. Also, the conjugal transfer of resistance plasmids within or between species of staphylococci (12) may contribute to differences in plasmid profiles in cells derived from the same clone. One observation in this study that must be addressed was the presence of a plasmid band(s) above the chromosome band (Fig. 1, lane 2a; Fig. 2, lane 6a; and Fig. 3 , lane 12a) in a culture that was identical to its pair in all other parameters (Table 1, cultures 2a and 2b, 6a and 6b, and 12a and 12b). We can offer no explanation for the presence of these bands. They appear consistently in our gels and appear to represent large, slowly migrating plasmids. The agreement between these pairs of cultures in other parameters strongly suggests identity between them, yet the disparity in their plasmid profiles indicates that this parameter should not be the sole determinant for resolving the identity or nonidentity of these cultures. Based on these observations and those of others (1, 2, 10) , where a one-to three-band difference has been reported in cultures believed to be epidemiologically related, we think the clonal origin of such isolates can be inferred despite differences in their plasmid profiles. Results such as these make it difficult to formulate rules regarding the identity of cultures on the basis of their plasmid profiles alone. With cultures having similar but not identical plasmid profiles, provided they have several plasmid bands in common and are from the same individual or common outbreak, it seems that a difference in one band would not justify the cultures being regarded as from different strains. Of course, exceptions would exist, most notably as seen in this study with cultures 2a and 2b, which differed in two bands, yet were lysed by the same 17 phages. Obviously, a combination of methods is most desirable, and from the results observed here, the phage type and plasmid profile appear to have provided the most compelling epidemiologic data.
